This paper is a proposal to apply models developed within the Explanatory and Combinatorial Lexicology (ECL) Framework to the analysis and description of specialized vocabularies. I will first review previous attempts in the area, and show that they have led to interesting findings. I will then proceed to demonstrate, using terminological units extracted from different types of specialized corpora (namely computing, retailing, and law), that various components of ECL can be used to identify and describe specialized senses. First, criteria help make subtle semantic discriminations between related senses. Secondly, the actant structure of predicative units can be identified accurately and actant instantiated using semantic labels. Thirdly, lexical functions capture various semantic relations (paradigmatic and syntagmatic) between terms.
Introduction
It is always a little surprising to note that there is no true dialogue between most terminologists and linguists (or, if anything, between terminologists and lexicologists or lexicographers). We can explain this partly by the fact that terminologists designed a specific theoretical framework and created a new vocabulary to talk about problems related to specialized lexica. However, most of these problems are well-known in linguistics and interesting findings on specialized texts are often made by lexicologists, computer scientists, or specialists who do not situate their work within the field of terminology, but rather within linguistics. I decided that, if I was going to conduct research in this field, I would address terminological issues using linguistic concepts and vocabulary.
This vocabulary and, especially, the theoretical framework it relies on was supplied mostly by the Explanatory and Combinatorial Lexicology, ECL ( Mel'čuk et al., 1995 ) and the application of its principles in the Explanatory and Combinatorial Dictionary, ECD ( Mel'čuk et al., 1992 ( Mel'čuk et al., 1999 . Due to the importance the lexicon and semantics are given in this framework, it has proved efficient for each aspect of terms I studied. More importantly, on several occasions, it made me consider terms from a wider range of viewpoints. Many distinctions made within ECL were very helpful when dealing with a given problem or a set of data. And above all-although this is not a reason that will receive scientific approval-I simply enjoyed applying these principles to the analysis of terminological data.
ECL has also been used by other researchers to describe specialized vocabulary. This paper will show how it can help understand the functioning of terms and their linguistic environment. Of course, readers will only be convinced if they admit (following Kocourek, 1991 ) that a terminological sense is only another possible sense a word can acquire and that some senses can be considered exclusively from the point of view of a specialized domain, such as computing, medicine, or law.
First, Section 2 will present some of the basic concepts of terminology. This will help understand how terminology was able to distance itself from lexicology and, sometimes, even from lexicography. It will also provide an explanation on why some aspects of terms have been studied thoroughly while others have been largely ignored. Section 3 will review work carried out by a (small) number of researchers and lexicographers on specialized vocabulary who have relied on Explanatory and Combinatorial Lexicology or another framework or methodology compatible with ECL. A selection was made to retain the lexicographical endeavors that are, in my opinion, closest to ECL-principles. Finally, Section 4 will show how Explanatory and Combinatorial Lexicology can be used for analyzing and describing terms in specialized dictionaries. The cases and examples discussed are based on work I have been carrying out at the Laboratoire de linguistique informatique (LLI) of the University of Montreal.
¡
In this paper, the term word will be used in a non-technical sense and will refer to any unit that can be considered by lexicographers and can appear as a headword in general or specialized dictionaries. In addition, I will use sense to refer the meaning a word can convey. Words can have multiples senses, and some senses can be related to a field of knowledge. Term will be used to refer to those senses considered by terminologists and described in specialized dictio-naries or term banks. This vocabulary will be necessary in Sections 2. and 3. I will also resort to a more technical expression borrowed from ECL, that of lexical unit (= LU) (Fr. 'lexie'). The lexical unit is the basic unit of the Explanatory and Combinatorial Dictionary (ECD) and corresponds to one sense of a word. Lexical units associated to the same signifiers with definitions that possess a significant intersection (called semantic bridge in ECL) are organized within vocables (Fr. 'vocable') . This distinction will be used in Section 4. where I will discuss the application of ECL-principles in the work carried out at the LLI. Other important concepts will be introduced in due course.
Basic aspects of terms and how terminology views them
Terminology is concerned with terms, that is senses considered from the point of view of a body of knowledge (e.g. biology, law, medicine, computer science). Even though terminology is mostly a set of practices "concerned with the collection, description, processing and presentation of terms" ( Sager, 1990 :2 ) , textbooks usually refer to a "theory of terminology", the "general theory of terminology", or "schools of terminology".
The most prominent school of terminology is the "school of Vienna", after principles attributed to Eugen W'uster. Nowadays, it has become fashionable to criticize its principles and an increasing number of scholars list a number of arguments that aim at showing how wrong these principles were. However, no new model has yet truly replaced that of Vienna and my review of some of its principles should help understand why specialized dictionaries-and, more precisely, terminological dictionaries and term banks-are compiled the way they are.
First, conventional terminology has been mainly concerned with standardizing lexical usage in special fields of knowledge. Hence, terminologists, with the help of specialists in the domain under examination, make decisions aimed at reducing polysemy and synonymy and lead to a number of linguistic "standards". Although these principles are sensible, considering that they are designed to improve communication in areas in which precision is a primary objective, they have been unattainable in practice.
Secondly, terminology considers that terms reflect the knowledge structure (or "conceptual structure") of a domain. Terms are seen as the linguistic realizations of concepts and are analyzed as such. Concepts are studied via their relationships with or oppositions to other concepts. For example, PRINTER and PERIPHERAL or HEART and ORGAN will be analyzed in terms of a 'specific' 'generic' relationship; CARTRIDGE and PRINTER or CLAVICLE and SKELETON will be described via a 'part' 'whole' relationship, and so on and so forth.
Concepts are also grouped into larger classes and sometimes organized within hierarchies or other types of knowledge representations reflecting a tradition that prevails in certain disciplines (zoology, for instance, classifies living organisms according to the way they reproduce; chemistry refers to a periodic table as a means to organize the elements).
Normally, specialized dictionaries compiled according to conventional terminology principles should reflect somehow the conceptual structure of a domain. This standpoint has a number of consequences on the way terms are listed and described in dictionaries:
terms are analyzed according to the concept they represent and not according to the linguistic contexts in which they appear; it has even been said that terms are "context-independent"; meanings are captured by means of analytical definitions, i.e., Aristotelian definitions listing a genus and differentiae; terms, or more precisely the concepts they represent, are linked or opposed to each other according to certain characteristics (often referred to as "intrinsic characteristics"); all the lexical units referring to a given concept will appear in the same entry and considered as true synonyms (e.g., EMAIL, ELECTRONIC MAIL; ELECTRONIC MESSAGING will be listed as variant headwords or at least placed in the same article).
Considering what has just been said, it seems natural that terminological dictionaries have given prominence to terms referring to entity concepts, i.e., objects, instruments, people, places, etc. Terminology provides an elaborate apparatus to represent these conceptual categories. However, it is much less helpful to account for terms referring to activities, properties and relations. Consequently, most entries in these dictionaries are terms in noun form.
Another striking characteristic displayed by current specialized dictionaries is the importance they give to complex terms. Most headwords are complex nouns: e.g., host name, home page (Internet), laser printer, analog data (computing); bearer cheque, external audit (accounting). General dictionaries only list a limited number of multiple word expressions and these are included if they are complete phrasemes, i.e., multiple word expressions that convey a meaning different from those of their respective parts. In specialized dictionaries, a very large portion of complex nouns has a compositional meaning (e.g., a laser printer is a "printer" that functions with "laser"; an external audit is an "audit" conducted by someone that does not work for the firm concerned).
From what has been said up to now, it would appear that terminology-at least the kind of terminological work that adheres to the Vienna principles-and lexicography do not view words from the same angle. Terminology does not normally consider units that are not nouns, even if this approach leads to inconsistencies (e.g. PROGRAM and PROCESSING will be listed in a dictionary on computing, but not always [to] PROGRAM, PROGRAMMABLE or [to] PROCESS). Since priority is given to the description of concepts and their characteristics and not to linguistic usage, predicative lexical units are not taken into account or, if they are, their actant structure is not represented clearly. Long lists of complex terms will appear in specialized dictionaries even though they are completely compositional. Other differences will be discussed later on in this paper.
In the next section, I will show that interesting aspects of terms can be revealed if they are studied within a different framework.
Previous work resorting to Explanatory and Combinatorial Lexicology (ECL)
A growing number of terminologists and other researchers concerned with specialized texts turn to alternative models to describe terms in dictionaries or for other types of applications, e.g. information retrieval or natural language processing. This is mainly due to the fact that most work nowadays is carried out on large specialized corpora with the help of computer applications, and W'usterian principles are not well suited to account for a variety of phenomena displayed by corpora. However, few researchers resort directly to Explanatory and Combinatorial Lexicology. We will review some of this work in the following subsections. It should also be pointed out that the Explanatory and Combinatorial Dictionary, like most lexicographical endeavors, includes descriptions of what I would consider as specialized lexical units. This will be discussed in Subsection 4.1.
A concrete proposal to resort to ECL
. . . specialized lexicography is returned to the province of the lexicographer, who, armed with the tools of a formal dictionary, can use the specialists as specialists, i.e. informants. This facilitates the REAL purpose of specialized lexicography, which is the precise characterization of the lexicon, not terminological argument ( Frawley, 1988:198 ) .
A few authors (Frawley, 1988; Gentilhomme, 1994 Gentilhomme, , 1995 Marcel, 2000) refer to Explanatory and Combinatorial Lexicology (ECL) as a means of describing specialized terms in science, mathematics and biology respectively. I chose to present the work by Frawley since it is the most eloquent proposal for using ECL in the preparation of specialized dictionaries. In addition, it is work on English whereas most work compatible with ECL and conducted on specialized vocabularies bears on French. Frawley (1988) argues that the use of a formal framework such as the ECL addresses the problem of vagueness common to most definitions found in specialized dictionaries. Vagueness is defined by the author as "non-specificity of contextualization" ( Frawley, 1988:191 ) and it results from the fact that dictionaries seldom provide information on the valence of entries (and, even when they do, the information provided is not sufficient to give users what they need to produce the entry in a linguistic context).
Frawley claims that the use of ECL-principles in the compilation of specialized dictionaries, solves this problem, chiefly because it defines entries "through actual associations" ( Frawley, 1988:199 ) . In existing dictionaries, even though some definitions supply partial information on these associations (e.g., they might contain a hyperonym, or a typical verb with which a noun combines), the associations are not indicated explicitly. Moreover, many definitions contain supporting information that is not lexical, i.e., that does not concern the word defined considered as a lexical unit and is encyclopedic or pragmatic.
According to the author, the use of lexical functions and the clear identification of semantic actants should contribute to focus on lexical associations (paradigmatic and syntagmatic), eliminate vagueness and reduce the necessity for supplying encyclopedic information.
First, I will explain the notions of "predicative lexical units", "semantic actants" and "lexical functions" and then proceed to show how Frawley applies them to specialized lexical units.
Explanatory and Combinatorial Lexicology distinguishes between predicative lexical units and non-predicative lexical units. The former refers to semantic predicates, such as events, properties, relations, and states. Semantic predicates necessarily involve participants and these participants must appear in the definition. Verbs, adjectives, and adverbs can refer to predicative lexical units, but also certain categories of nouns, such as nouns that refer to events or actions (e.g., CONFIGURATION, INSTAL-LATION), properties (e.g., COMPATIBILITY, PORTABILITY), etc. ECLdefinitions clearly indicate semantic actants and are composed of two separate parts. First, the defined word is inserted in a propositional form, which is an expression with variables (X, Y, Z, W). These variables refer to the semantic actants (which are the expressions of the participants involved in the LU being described).
A lexical function (LF) is written f( ) = ¡ : f represents the function, , the argument, and ¡ , the value expressed by the function when applied to a given argument. The meaning associated to an LF is abstract and general and can produce a relatively high number of values. For example, Magn is a function that expresses intensification. It can be applied to different LUs and produce a high set of values (e.g. Magn(smoker) = heavy; Magn(bachelor) = confirmed, etc.) ( Mel'čuk et al., 1995:126-127 ) . There is a set of approximately 60 standard lexical functions divided into paradigmatic and syntagmatic functions ( Mel'čuk, 1998; Mel'čuk et al., 1995; Wanner, 1996 ) . A list of the lexical functions mentioned in this paper is provided in Appendix A.
In accordance with the ECL-approach, Frawley proposes to conduct interviews with specialists when collecting information on a given term. For example, geologists could be asked the following questions on the term WINCE (in geology, an opening or excavation): "Is there a name for a group of winces (Mult)? Is there a way of talking about the closing of a WINCE(Liqu)? Can there be more or less of a WINCE(Minus, Plus)?", etc. ( Frawley, 1988:201 ) . Frawley's proposal, although it has not been implemented on a large-scale specialized vocabulary, shows that specialized senses can be captured using an apparatus such as the propositional form (and according to the author, it should be). It also points into an interesting direction, i.e., the description of various types of semantic relationships between terms by means of lexical functions: paradigmatic relationships such as derivatives, synonyms, and actants; but also syntagmatic relationships such as cooccurrence.
Specialized dictionaries compatible with ECL
Very few specialized dictionaries resort to models that can be related to Explanatory and Combinatorial Lexicology for reasons I tried to highlight in Section 2. I found two relevant examples for French. The first one is a set of contextual dictionaries (Subsection 3.2.1) and the second one, a dictionary for learners of a specialized language (Subsection 3.2.2).
I will also describe some work on specialized combinatorics (Subsection 3.2.3) that has attracted interest in the terminological community for the past couple of decades. Some of this work is based on lexical functions. Frawley (1988:203-204) 3.2.1 Contextual Dictionaries Descamps (1973 Descamps ( , 1976 and Descamps et al. (1992) propose a methodology based on specialized corpora to compile what they refer to as contextual dictionaries. In line with previous work on the lexicon designed for learners of French, a first specialized dictionary was compiled using a corpus of French texts on geology. Another dictionary covers the vocabulary of politics and was compiled after the analysis and comparison of corpora on politics. Lexicographers extract the words to be analyzed from corpora and organize, for each of them (nouns, verbs, adjectives and adverbs), a set of concordances in order to identify "contextual patterns" ('schéma d'environnement'), i.e., a set of syntactic and dependency relationships. In this project, no clear effort is made to distinguish terms from other units that are contained in specialized texts. All words found in the corpus appear to be equally interesting.
The result of this analysis takes the form of an article which is illustrated in Figure 2 (part of the entry FAVORABLE (Engl. 'favorable', 'in favor') given in Descamps et al., 1992) . (Descamps et al., 1992: 53) The headword appears in bold characters followed by numbers referring to its frequency and dispersion in each corpus studied. Then, the different senses are clearly separated and identified with numbers (1. and 2. identify the two senses of FAVORABLE).
Each sense is accompanied by a semantic label that provides a first general identification of the conceptual category to which the lexical unit belongs. Labels are taken from a finite list the lexicographers have built for a specific vocabulary (in this case, the vocabulary of politics). PRÉDICAT HUMAIN is used for all qualities that describe a human reality. CONSÉCUTION is used to capture relations such as cause effect, factor product, and so on and so forth. Other labels are ACTIVITÉ HUMAINE (Engl. 'human activity', AGENT HUMAIN (Engl. 'human agent'), LIEU (Engl. 'location'). Each sense is then explained by means of a definition (preceded by an asterisk in the example provided).
Then, one or several contextual patterns are provided under each definition. They are identified with capital letters in Figure 2 . Patterns show syntactic and dependency structures in which the term is involved. Each pattern is exemplified with sample sentences taken from the corpora and used during the analysis stages.
Another important feature of the entries contained in contextual dictionaries is that cross-references are listed for morphologically-related words. In the entry FAVORABLE, cross-references are provided for FAVEUR (Engl. 'favor'), FA-VORISER (Engl. '[to] favor'), FAVORISÉ (Engl. 'favored'), and DÉFAVORABLE (Engl. 'unfavourable').
Although this work is not explicitly based on ECL, many similarities can be observed. First of all, there is a clear distinction of senses based mainly on contextual patterns. The description of each contextual pattern is different from what can be found in Explanatory and Combinatorial Lexicology, but there is a clear effort to describe terms according to their functioning as linguistic units and their cooccurrence patterns.
The lexicographers also list morphologically-related terms. Although no explanation of the relationship of these units and the headword word is provided, an attempt is made to show that some words found in a corpus are associated semantically.
Finally, semantic labels, used throughout the contextual dictionaries, can be found in the definitions of more recent versions of the Explanatory and Combinatorial Dictionary ( Mel'čuk et al., 1984b ) ). 
A Specialized Learners' Dictionary
The Dictionnaire d'apprentissage du français des affaires (DAFA) ( Binon et al., 2000 ) is a specialized dictionary for learners of the language of business, the microstructure of which is in many respects reminiscent of the Explanatory and Combinatorial Dictionary. In fact, is it surprising that no mention is made of ECL in this dictionary since so many similarities can be observed.
The team of lexicographers used a large corpus of French texts on business and economics. The corpus was explored to make semantic distinctions (is the case of polysemic units), and find collocations, expressions and contexts in which the terms are used. According to the designers of the dictionary, it is intended both for decoding and encoding purposes.
In this dictionary, contrary to the contextual dictionaries described in Subsection 3.2.1, a selection was made among the words found in the corpus in order to retain those with a meaning that can be related to business. However, all senses encountered in the corpus are described, even those that do not appear to be associated specifically with the field of business. For example, ARGENT (Engl. 'money') is defined as a sum, and as a measuring device, but also as a precious metal (Engl. 'silver').
Most French terms are listed in alphabetic order with equivalents in German, English, Spanish, Italian, and Dutch. The dictionary also contains 135 thematic entries that deal with "families of terms". According to the lexicographers, these families represent the basic vocabulary in the field of business. We will take a close look at a typical entry, namely ÉPARGNE (Engl. 1. 'saving'; 2. 'savings') ( Binon et al., 2000:240-242 ) and comment on its various components.
First, users are referred to related entries ( Figure 3 ). These cross-references contain all sorts of things, but usually they concern near-synonyms, hyperonyms, or hyponyms. In the ECL-framework, they would be captured with a special class of lexical functions, i.e., those designed to represent synonymic relationships (Syn , Syn¡ , Syn¢ ).
Figure 3: Related entries in the DAFA (Binon et al., 2000:240) .
Then, a list of formally-related terms is provided (Figure 4) . The first column contains derived and complex nouns; the second column, nouns that refer to persons; the third and fourth columns, the adjectives and verbs respectively. In ECL, part of these relationships would be captured using syntactic and semantic derivative lexical functions (S , S , V ).
Another section lists a number of definitions corresponding to the different senses that were encountered in the corpus analyzed by the lexicographers ( Figure 5 ). Pronunciation, grammatical information, synonyms, antonyms and examples of usage are also provided in this section. Synonyms and antonyms are explained further in a separate section. Although the definitions may not be ordered in an ECL-fashion, the senses are distinguished precisely and numbered. The numbering is used throughout the article in order to indicate the sense that is being referred to.
Expressions in which the headword appears are also listed ( Figure 6 ). Subsequently, a very long section is devoted to combinatorics (Figure 7) . Adjectives, nouns and verbs that combine with the noun being described are listed and classified according to their meanings. Sometimes, the classification is similar to an 1 l'épargne 2 un épargnant ¤ . . . (Binon et al., 2000: 240 Figure 5: Distinctions of senses in the DAFA (Binon et al., 2000:240) abstract meaning captured by a standard lexical function (especially for verbs).
Explanations and examples are also provided in this section.
expressions (sens 1.1.) L'épargne tue l'épargne : phénomène selon lequel l'épargne entraîne une diminution des ventes, puis de la production et, enfin, des revenus, suscitant une diminution de l'épargne.
Figure 6: Expressions in the DAFA (Binon et al., 2000:241) .
Even though only parts of a typical entry were reproduced above, we can base our comparison between the DAFA and the ECD on them. Senses are clearly distinguished with numbered definitions. The numbering is then used throughout the articles to relate a piece of information to the relevant sense (each collocation and expression is clearly related to a given sense). A large part of the article is devoted to the listing of typical expressions and collocations, and collocations are even further classified semantically. Finally, semantically-related terms are provided in different parts of the article: related concepts next to the headword; synonyms and antonyms are listed next to the relevant definition and explained at the end of the article; formally-related terms are listed under the headword.
Specialized combinatorics
Recently, terminologists have become increasingly interested in combinatorics. According to many authors, it is no longer sufficient to list terms, provide equiv- (Binon et al.,2000: 241-242) alents in other languages and define them with analytical definitions. Users, especially translators, also need to know how to produce them in specialized contexts. Some of this work can be related to ECL principles.
In a proposal to enrich terminological databases with specialized collocations, Heid and Freibott (1991) describe these combinations using distinctions proposed in ( Mel'čuk et al., 1984a ) and ( Hausmann, 1979 ) . According to Heid and Freibott, a combination such as créer un fichier (Engl. 'create a file') is a collocation, since CRÉER cannot be replaced by another lexical unit that conveys the same meaning (e.g. *établir un fichier, Engl. 'establish a file'; *concevoir un fichier, Engl. 'design a file'). In accordance with ECL, the components of a specialized collocation are a keyword (FICHIER), whose meaning remains unchanged, and a collocator (CREATE), whose meaning is either specified or acquired through its use within the combination.
Other specialized lexicographers have classified collocations using principles similar to those of ECL. We have already pointed out that the DAFA (Section 3.2.2) uses a finite list of categories to classify groups of collocators according to their meaning. Cohen (1986) and Laporte and L'Homme (1997) also used similar methods for the terms of the stock market and those of pharmacology respectively. Cohen, for example, in a dictionary entitled Lexique de cooccurrents: Bourse et conjoncture économique, lists verbs, nouns and adjectives typically found in the vicinity of terms and provides a general classification for them. Figure 9 reproduces the article for CAPITAL (Engl. 'capital') found in the dictionary.
Even though the semantic categories chosen by Cohen are very general (and encompass distinctions between parts of speech), similarities between these categories and standard lexical functions can easily be established (Figure 8 ).
Magn(capital) = appréciable, considérable, élevé, gros IncepPredPlus(capital) = s'accroître, augmenter, croître AntiMagn(capital) = petit IncepPredMinus(capital) = baisser, diminuer Oper1(capital) = avoir, posséder [ART ] Figure 8: Cooccurrents listed in Cohen (1986) and their representation in terms of lexical functions
The work conducted on specialized lexical combinations shows that lexical functions (or at least a classification method based on the same idea) can be used to represent syntagmatic relationships between terms and the words with which they usually combine. We saw that Frawley (1988) Figure 9 : Article CAPITAL2 extracted from (Cohen 1986:20) also paradigmatic relationships, such as synonymy, antonymy, semantic derivation, etc.
What These Endeavors Teach Us about Terms
The work described in Sections 3.1 and 3.2 reveals several things about terms that have not been taken into account by terminology for the reasons we listed in Section 2. I will try to summarize its major repercussions in relation to conventional terminology principles. First, it shows that all types of parts of speech are profitably taken into account in specialized dictionaries, and not only nouns. Descamps (1973 Descamps ( , 1976 , Descamps et al. (1992) , and Binon et al. (2000) , for instance, make lists of morphologically-related lexical units, and some of these are verbs, adjectives, and adverbs. Research on combinatorics show that words typically used with terms need to be listed in dictionaries.
Even though polysemy is not always addressed explicitly, it is certainly dealt with by different methods. Binon et al. (2000) make distinctions based on definitions, combinatorics, and synonymy relationships. Descamps (1973 Descamps ( , 1976 bases his distinctions mostly on contextual patterns. Frawley (1988) speaks of "vagueness" that could be resolved with the help of a model that accounts for the propositional form and lists lexical functions in a formal dictionary. Descamps (1973 Descamps ( ,1976 and Frawley (1988) clearly insist on the importance of a clear identification of the actant structure (although, they both use other designations to refer to the actant structure) in the description of specialized units. This work raises another interesting issue: that of the distinction between predicative and non-predicative units in terminology to which I will come back in a later section of this paper.
Finally, combinatorics is a central matter in most of the work described and terms related semantically (or, at least, morphologically) are often considered as keys to understanding the sense of the term under examination.
Using ECL at all levels of the description of terms
In the following section, I want to show how the application of certain principles of the Explanatory and Combinatorial Lexicology can help terminologists make important distinctions when analyzing terms in specialized corpora. More precisely, I will demonstrate that some criteria designed within ECL provide a sound foundation for making fine-grained semantic distinctions (confirm and distinguish specialized senses). It is also very useful to represent terms with predicative meaning, since actant structure is expressed formally. Lexical functions capture a wide variety of semantic relationships between terms. And, finally, various components in ECL-descriptions, even though they have not been designed for that purpose, can be used for extracting classes of semanticallyrelated terms.
Parts of these studies can be related to the work described in Section 3. I will make cross-references whenever relevant.
Confirming Specialized Senses
As I pointed out in the introduction, ECL-principles are useful in terminology only if one admits that, among the variety of senses a word can acquire, some can be defined as "terminological", i.e., senses that should be listed and described in a specialized dictionary, such as a dictionary of biology, a dictionary of shipbuilding, or any other dictionary the purpose of which is to describe the vocabulary of a specialized field of knowledge.
This means that, when they browse through specialized texts, terminologists make a selection among the words that appear in them. They consider only those words that convey a sense that can be associated with a specialized domain, and furthermore, only those senses-if the word is polysemic-related to the domain.
It is appropriate to underline at this point that the Explanatory and Combinatorial Dictionary contains descriptions of lexical units (= LUs) I would consider as "terminological". For example, ACCUSER2. (Engl. 'accuse') covers the senses conveyed by the unit in texts on law (Figure 10 ). However, from the ECL-perspective, this lexical unit is considered in its relation to other LUs within the vocable ACCUSER. In addition, some senses are captured in a "generic way" (for example, "head" will be described as the top part of an implement, which covers several technical senses); terminologists will need to consider these senses from the point of view of a domain (hence, "head" will be considered differently in separate fields of knowledge). In my view, terminological work will focus only on the lexical unit (or lexical units) associated with the field being examined and the potential semantic relationships that can be gathered from this lexical unit. I will call these specialized lexical units (SLUs).
Thus, the selection of terms is based first and foremost on extralinguistic criteria, i.e., the possible relation an LU has with the domain under examination. Terminologists can establish this relation once they have acquired a sound knowledge of the field; for difficult cases, they usually refer to specialists.
In specialized texts, some words are exclusively used (or, in a majority of occurrences) in their terminological sense. For example, in a corpus composed of texts on computing, memory will always be used to refer to "the storage component of a computer", and not to "a human faculty". Similarly, in a text on constitutional law, the unit constitution will systematically refer to "A set of principles and guidelines some States define in order regulate their functioning" as shown in (1).
L'HOMME (1) The judiciary is the guardian of the constitution and must, in interpreting its provisions, bear these considerations in mind. . . . but was, nevertheless, legally bound by the new constitution by virtue of its membership in the Canadian union In Canada, we were granted a constitution by the British sovereign (Parliament and the monarch). The point is that some elements of the constitution call for vertical application . . .
Moreover, a specialized lexical unit that refers to an important concept in a given field can produce several derivatives that are semantically related. For example, constitution is related to a set of nouns, a verb, an adjective, and an adverb (contexts have been reproduced in (2)).
(2) Negotiations would avoid the problems inherent in seeking a constitutional amendment or taking claims to the courts. . . . in challenging the orthodox approach of constitutionalism, Judge Madala points out that both the South African Constitution and South African society are pluralistic. . . . If a government was concerned about the constitutionality of a statute, it could refer the statute to the Court of Appeal (or in the case of Parliament . . . ) In Martineau, there is a sense that the Court is rushing the process of constitutionalization of fault. The upshot of the three judgments in Lavigne is consistent with the stance taken in the Labour Trilogy not to constitutionalize collective bargaining issues. The full range of values and goals of such a society is broader than the latter, so that, constitutionally and legally, these other values and goals may well come into play However, in many cases, SLUs interfere with other LUs, i.e., senses that cannot be associated to the domain under examination. In addition, the same word can be associated with the different LUs that can all be associated with the domain.
When making semantic distinctions, terminologists can resort to criteria found in ECL to confirm intuitions they have about potential specialized lexical units or make distinctions for polysemic words. We will look at three different criteria, namely (a) compatible cooccurrence; (b) differential coccurrence; and (c) differential derivation (more criteria are formulated in Mel'čuk et al. 1995) . I will illustrate their application using contexts extracted from specialized texts (i.e., texts on computing and law). a. Compatible cooccurrence ( Mel'čuk et al., 1995:64 ) This first criterion will help make a decision about the occurrences of individual in (3) and (4).
(3) In Charter cases, minimum standards of respect for individual autonomy must be specified with precision in analysis under section 1, the omnibus limitations clause.
(4) Collectivity necessarily circumscribes individuality and the more complex and sophisticated the collective structures become, the greater the threat to individual liberty in the sense protected by 8.
INDIVIDUAL can combine with the two cooccurrents found in these sentences. Since these cooccurrents are compatible, INDIVIDUAL will not be divided into two separate lexical units. We will see further that other cooccurrents of INDIVIDUAL are not compatible.
£

Respect for individual autonomy and liberty
The same criterion is applied to EXECUTE whose cooccurents appear in (5), (6) and (7). Since the cooccurrents found in these sentences are compatible, all three occurrences of execute refer to the same LU.
(5) The MSDOS.SYS file works with the BIOS to manage files, execute programs, and respond to signals (6) . . . which measure the time a PC takes to execute a set of application scripts . . . (7) The trouble is that these applications will also execute any macros within the received file, thus enabling the virus to infect.
£
Execute a set of application scripts, programs, and macros.
EXECUTE does not always combine with compatible cooccurrents; cf. (8).
The next criterion will be used to define this situation.
(8) We will describe how to execute a typical installation (it should work in every Linux version, but it has been only completely tested with Debian). £ *execute a program and an installation b. Differential cooccurrence ( Mel'čuk et al., 1995:66 ) This second criterion will show that the two uses of INDIVIDUAL in (9) and (10) and FORMAT in (11) and (12) The application of these last two criteria (differential cooccurrence and differential derivation) will lead to: (a) the rejection of LUs that do not appear to be relevant in the domain under examination; or (b) the preparation of separate terminological descriptions for LUs that can be related to the domain. For example, FORMAT corresponds to two different LUs, numbered below as FORMAT1 and FORMAT2. The same applies to install. Each LU will be associated with different sets of LUs, cooccurrents, synonyms, antonyms, etc. (Figure 11 ).
This approach prevents the type of vagueness that Frawley (1988) has criticized and that is exemplified in the following definition of CONFIGURATION found in a term bank (Figure 12 ). Does it refer to an activity (the act of configuring) or a result?
Describing Predicative Terms
Most work described in Section 3 show that parts of speech other that nouns, such as adjectives, verbs and adverbs, can be taken into account in specialized dictionaries . However, these categories cannot be defined in terms of analytical definitions typically used in terminology that are listings of intrinsic characteristics. As I have already pointed out, terminology is much more comfortable with non-predicative units (or units considered as being non-predicative), and much less with predicative units such as verbs and adjectives.
Thus, I will define these categories as "predicative lexical units" and resort to definitions in which the participants are explicited, as did Frawley who applied ECL-principles (Figure 1) . However, it must be remembered that certain categories of nouns are also predicative lexical units.
For example (17), in order to define INSTALL2 cited in the previous section, three variables corresponding to three semantic actants are provided: X, a person, installs Y, a program, on W, a permanent storage device. In addition, certain regularities displayed by actants can be taken into account in the actant structure of a specialized lexical unit. In a certain number of studies of specialized lexical units in different domains (philosophy and air traffic control) and computing, we have shown that specialized predicative units combine with terms sharing semantic properties. Examples (19) illustrate this observation: INSTALL2 combines with OPERATING SYSTEM, WINDOWS, PACKAGE, WORD, SURFER, terms that denote a "piece of software".
(19) Once the operating system is installed, you can install the drivers.
Users install Windows 98 on their portable computers. This package cannot be installed on 80486 computers. You can install Word on your computer from this CD-ROM. This routine will assist you in installing your web surfer.
In fact, this property does not only apply to the second actant of INSTALL2 (typically, its direct object) but also to its other actants, as shown in (20). (20 etc.
Thus, when accounting for specialized LUs, the variables given in the propositional form and the definition can be explicited with a set of labels (similar to those used by Descamps et al. 1992, refer The actant structure of over 200 French verbs related to computing and their corresponding nominalizations was described using conceptual classes, thus demonstrating the productivity of this approach. Concept classes were further organized into a hierarchy that accounted for the fact that certain verbs combine with a small number of actants (e.g. click with a mouse), while other combine with several actants (e.g. configure program/mouse/operating system/ keyboard/computer/printer/. . . ).
Capturing Relationships between Terms
Terminologists have been interested in representing relationships between terms for a long time. Although the design of solid representations can be extremely complex, it is obvious why this issue has attracted so much interest. Terminological descriptions bear on finite sets of terms related to the same body of knowledge. Hence, it appears possible to identify subsets of semantically-related terms and to account for these relationships in a formal manner.
Up to now, the focus has been on hyperonymic (apple fruit) and meronymic relationships (apple core), which appear to be more compatible with the organization of knowledge in scientific domains. More recently, syntagmatic relationships have attracted interest (cf. Subsection 3.2.3). In other studies, new sets of relationships are highlighted: for example, Binon et al. (2000) , Descamps (1973 Descamps ( , 1976 and Descamps et al. (1992) give lists of morphologically-related terms (see Subsections 3.2.1 and 3.2.2).
Several problems arise when trying to account for this variety of relationships in a formal representation. First, there seems to be a confusion between conceptual endeavors that are attempts to capture the knowledge structure of a subject field and lexical representations that focus on relationships between lexical units such as synonyms, derivatives or cooccurrents. Secondly, some representations are designed to capture a given set of relationships and cannot account for others (e.g., a model that captures hyperonymic relationships, is not normally suited to account for co-occurrence) leading to a problem of compatibility between representations.
Even printed dictionaries are not consistent in their listing of relationships. For example, Binon et al. (2000) , even though they establish different types of relationships, disperse them throughout the article. Morphologically-related terms are listed under the headword (no mention is made of the nature of the relationship); near-synonyms, and hyperonyms are stated by means of crossreferences; cooccurrents are provided in a different section; etc. (see Subsection 3.2.2).
Lexical functions (LFs) appear to be a solution to this problem. The main advantage of lexical functions, when applied to the representation of semantic relationships between terms, is that they can capture a wide range of relationships without the need to turn to different models. They have been used by Frawley (1988) in an exhaustive description of the unit MASS. However, the author was more concerned with the principles and did not apply them to large-scale vocabularies.
I hope to demonstrate how lexical functions can be implemented when dealing with semantic relationships between terms through the description of a project on the computerization of a printed dictionary on retailing ( Dancette & L'Homme, 2002 ) . I will also discuss the repercussions of such an implementation for terminological relations.
The printed dictionary ( Dancette & L'Homme, 2002 ) contains 350 EnglishFrench articles that provide exhaustive descriptions of what are defined as key concepts of the field, such as "marketing", "shopping center", "auction", "product", "customer". Articles include up to nine sections: (i) the English headword and its synonyms followed by usage marks, (ii) French equivalent terms, (iii) a Definition, (iv) Semantic precisions (used to add information to the one provided in the definition), (v) Semantic relations between the terms belonging to a single field (relationships of hyperonymy and hyponymy, quasi-synonymy and antonymy), (vi) Additional information providing extralinguistic information (historical notes or pragmatic information), (vii) Linguistic information, and finally, a (viii) French and (ix) an English context (which are example sentences extracted from the corpora used to compile the dictionary).
A number of statements disseminated throughout the article are provided to explain semantic relationships between the headword and other terms referring to "related concepts" (typical sentences are given in (22)). During the computerization process, we had to provide an access using an apparatus that would systematize the relationships and explain them. Due to the variety of semantic relationships to represent, lexical functions appeared to be the most obvious choice. Figure 13 shows how the information contained in examples (22) was converted.
(22) According to life span, there is a distinction between durable goods, semidurable goods and non-durable goods. (antonymy) A category-killer is a big box store operated as a self-service and specializing in a non-food product category. (hyperonymy) Clientele = All the customers of a store or a service retailer. (meronymy) Before adopting a new product, the consumer goes through a series of stages that define the adoption process. (nominalization) The adopter, namely the consumer who adopts a product, [. . . ] . (the agent of the event, which happens to be a morphologically related term) Arborer une enseigne, porter une enseigne = carry a banner (lexical units that combine with the term BANNER (and its French equivalent, EN-
Approximately 2000 semantic relationships were captured using standard LFs, which shows that it is well-suited to represent relationships between terms. Of course, LFs can also represent semantic relationships in other domains and not exclusively retailing. This is shown in Table 1 and was also demonstrated in other work mentioned in Section 3. Even though standard lexical functions capture a wide range of semantic relationships between terms, the project on the vocabulary of retailing reveal a number of incompatibilities between conventional terminological practice and ECL. This does not invalidate the usefulness of lexical functions for terminological purposes. It simply points to the fact that some type of adaptation needs be made in terminology and ECL.
(a) Taxonomic relationships and meronymic relationships are central in terminological representations. ECL provides means to capture these relationships only partly by standard LFs. Moreover, it is likely that the definitions given in both frameworks do not correspond.
(aa) Hyperonymy can be captured using Gener or Syn¡ . In the project, we used Gener, which appeared to be more compatible with standard terminological practice, but a thorough examination of this issue needs to be carried out.
(ab) In a large number of cases, we needed to use the Spec-LF proposed by Grimes (1990) to capture hyponymic relationships mentioned in articles (e.g. Spec(service) = self-selection). In addition, hyponymic relationships can be captured with the Syn -LF.
(ac) Co-hyponyms are represented in a number of ways. They can be captured directly by means of a synonymic function, that is Syn¢ (this LF translates the relationship existing between LUs that have common and different semantic components). Hyponyms that have a relationship of opposition can be described with the Anti-LF.
(ad) The synonymy LF (Syn) does not appear to correspond to the definition terminology has traditionally given to this relationship. In terminology, two terms are considered as true synonyms when they are said to refer to the same class of objects. ECL adopts an approach which is more compatible with standard lexicographical practice in which synonyms are seldom completely "true". Antonymic relationships also need to be examined from the point of view of terminology, since they have received very little attention. (ae) ECL provides only one pair of standard lexical functions to capture meronymic relationships, Mult which refers to a collection (e.g., Mult(client) = clientele); Sing(assortment) = item), the inverse function, which refers to the member within a collection. Other partitive relationships were found in the dictionary and are most likely to be present in other specialized vocabularies but could not be captured by means of a standard lexical function. The first one is the part-whole relationship (in which the part plays a functional role). For this particular partitive relation, we resorted to the LF Part proposed by Fontenelle (1997) . (An inverse function could also be used to capture the opposite relation) (e.g., Part(department store) = aisle). Finally, we had to take into account a partitive relationship shared between a process and its phases (e.g., Phase(prospection) = canvassing). (b) Terminology needs to reflect on the status is gives to complex terms. I have already pointed out, in Section 2, that specialized dictionaries list a large number of complex terms that are completely compositional. This choice has a number of consequences on the way LFs are assigned. Let us examine a concrete example. In the dictionary on retailing, GOOD and DURABLE GOOD, are both listed as headwords. Should DURABLE GOOD be represented as a hyponym of GOOD? Or should DURABLE be the value of an adjectival lexical function applied to GOOD? (c) Although they have not been designed for that purpose, lexical functions are useful to reveal groups of semantically-related terms. This feature is particularly interesting to make use of in specialized domains, since many terms belong to conceptual families (e.g., in medecine, it is very likely that terms referring to several types of diseases will be considered; in computing, different peripherals should be described).
(23) Gener(off-price store) Gener(category killer) Gener(liquidation center) Gener(liquidation store) Gener(factory outlet store) Gener(warehouse store) Gener(big-box store) Gener(hypermarket) Gener(deep discount store)
Examples in (23) show how the Gener-LF, a paradigmatic LF, can reveal a set of co-hyponyms in the field of retailing. If the Gener-LF is applied to different terms and yields the same value, these terms can be defined as LUs belonging to the same taxonomy.
Similarly, syntagmatic LFs can be exploited to find classes of terms collocating with the same units. Example (24) shows how the terms that collocate with run can be found through the examination of the value of the LF Real . 
What This Work Tells Us about Terms
The studies described in Section 4 have first confirmed that some approaches based on or compatible with Explanatory and Combinatorial Lexicology remain valid even when they are applied to larger sets or data of the terms or different domains.
Predicative units can be included in specialized dictionaries provided they are defined with a proper apparatus, i.e., one that clearly indicates semantic actants. In addition, specialized actants can be given with semantic labels that capture classes of terms. This has been shown by the work on verbs related to the field of computing and to a lesser extent by the contextual patterns used in Descamps (1973 Descamps ( , 1976 and Descamps et al. (1992) .
The conversion of statements about semantic relationships into lexical functions carried out on the dictionary of retailing demonstrates that a wide variety of semantic relationships between terms can be represented with lexical functions. This is an application of Frawley's ideas on a large scale vocabulary.
Finally, I have shown that ECL is not only useful to describe terms or terminological senses once they have been identified. Different criteria can be used to make subtle semantic distinctions when potential specialized LUs are under examination. Terminologists could resort to these criteria and base distinctions on linguistic tests rather than always rely exclusively on extra-linguistic criteria, namely knowledge of the domain.
Conclusion
In this paper, I have tried to show that studies based on Explanatory and Combinatorial Lexicology and other studies with compatible methodologies are useful to study terms and consider them from a wide range of viewpoints. Some of the work presented here has also revealed various characteristics of terms that have seldom attracted interest in terminology, since conventional terminology has been mainly concerned with standardizing lexical usage and considered terms as a reflection of the organization of concepts within a field of knowledge.
Of course, more work needs to be carried out in order to find out the extent to which the ECL-framework can lead to richer terminological descriptions. I have listed a number of interesting contributions in that area but terminologists interested in this kind of endeavor must develop a methodology of their own. They can use the work presented in this article, but a systematic approach is nevertheless required. This methodology will inevitably lead to a drastic change in focus when considering terms. Terminologists will need to base their findings first and foremost on occurrences in specialized texts and associations between words as they can be observed in texts and no longer reflect on the way concepts are named or should be named.
With these observations, we return to the quote by Igor Mel'čuk I reproduced at the beginning of the article. It appears that a choice must be made between conceptual and linguistic analyses. In terminology, concept-oriented endeavors focus on aspects related to the organization of knowledge and this choice leads to a concealment of the linguistic properties of terms. On the other hand, linguistic approaches distance themselves from conceptual matters since they are concerned with the instantiations of terms and do not accept or simply ignore the fact that they reflect the organization of knowledge (in fact, in most linguisticsoriented studies, the issue is not raised or considered as relevant).
Both approaches are likely to be necessary to provide a better understanding of terms. However, they do not seem compatible. So it appears that, even in terminology, a choice must be made.
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¡
Most of this work was conducted before the principles of ECL were made available. Authors refer to (Tesniere, 1966) and (Gross, 1966) .
¢
Semantic labels appear to be a productive approach to the dscription of specialized vocabularies. This will be discussed further in Subsection 4.2 It should also be pointed out that semantic labels are used extensively in the electronic version of the Explanatory and Combinatorial Dictionary, the DiCo, developed under the supervions of Alain Polguère. The definition of semantic labels and their implementation in ECL are presented in (Milićević, 1997) .
£
This also depends on the nature of the corpus itself and the method that was used to assemble it.
¤
I also claimed that verbs should be considered as terms (cf.L'Homme, 1998 for a list of arguments).
¥ A whole set of rules have been developed for definitions in ECL. I have not yet applied them to the definitions of terms and cannot comment on their application for terminological purposes. However, I can anticipate their usefulness in systematizing the explanations of lexical units in a specialized domain, since many are semantically-related.
¦
This approach was applied successfully by Fontenelle (1997) who converted the information contained in a bilingual dictionary using lexical functions. We applied it to a specialized dictionary. § Some cases were set aside due to a lack of information in the dictionary. 
